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ROTARY GATE VALVE FOR HYDRAULIC
SERVO-ASSISTED STEERING SYSTEMS

BACKGROUND OF THE INVENTION

The invention is concerned with a rotary slide valve
for hydraulic auxiliary power steering mechanisms of
motor vehicles. |

Auxiliary power steering mechanisms are designed so
that the valve’s characteristic curve (working pressure-

operating power characteristic curve) has a flat, gradual
ascent in a relatively large angle of rotation range of the
rotary slide valve, and then rises steeply to a maximum
value as the operating power further increases. So the
driver must turn the steering wheel through a relatively
large angle of rotation, when parking and maneuvernng,
for example, until a greater intensification of power is
reached. The two rotary slide valve elements elastically
connected with each other by the torsion bar rotate
against each other within this angle of rotation. De-
pending upon the cross-section and length of the torsion
bar, the driver must apply more or less a large amount
of operating power until the rotary slide valve triggers
the desired intensification of power. Such a valve char-
acteristic curve, with initially flat ascent through the
angle of rotation, makes straight-line travel characteris-
tics possible at higher speeds since the auxiliary power
portion remains small and the response within the elas-
tic area of the torsion bar permits a good steering touch.
However, the fact that the operating power is relatively
high in the slow-travel range is a disadvantage of the
characteristic curve characteristic that is synchromzed
with an exact steering behavior at high speeds.

A rotary slide valve that accomplishes the control-
ling of pressure so that the opposing demands for lower
operating power in the slow-travel range and high oper-
ating power at fast speeds can be satisfied is already
known from EP 01 71 247 A2. This known rotary shde
valve is a structural part of a rack-and-pinion steering
mechanism in which the rotary slide member connected
with the steering shaft is connected with the pinion
engaging with the steering rack by the torsion bar. The
valve sleeve surrounding the rotary slide member 1s
likewise coupled with the pinion in the direction of
rotation with a steering play, but guided axially and
displaceable on the rotary slide member. One face of the

valve sleeve rests against a spring in the housing while

a surge or pressure chamber is attached to its other face.
This surge chamber lies between the radial return
drilled holes or bores in the rotary slide member and the
return connection leading to a container. An electro-
magnetically activated adjustment throttle is installed in
the return connection that controls the return cross-sec-
tion as a function of the speed of travel. In rapid travel,
the adjustment throttle is wide open, so that the oil can
flow unhindered to the return connection. Therefore
the valve sleeve remains on the rotary slide member in
its initial position, determined by the spring, so that the
guide grooves and the guiding edges of the rotary shde
valve corresponding thereto are available for regulating
the pressure along their entire length. This means a
characteristic curve path with a gradual increase of
pressure over a relatively large angle of rotation range
and the further steep increase of pressure only toward
the end of the relative rotation of the two parts of the
rotary slide member to each other.

At slow speed (i.e. during parking), the cross-sec-
tional area of the aperture at the adjustment throttle 1s
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narrowed down sharply. As a result, a differential pres-
sure builds up in the surge chamber of the valve sleeve
that moves it into final position against the spring resis-
tance. The effective guiding edge length of the rotary
slide valve is shortened, so that the original characteris-
tic curve of the rotary slide valve is changed. The tor-
sion angle between the two rotary slide elements
needed for regulating the pressure is smaller since the
building up of pressure in the active pressure chamber
of the working cylinder takes place much faster. This 1s

a result of the reduced regulating cross-section. Since
the torsion bar consequently must only be rotated
through a small amount of angle, the operating power at
the steering wheel is also correspondingly smaller. Now
the steering power characteristic curve has a very steep
path through the angle of rotation. Between the two
positions of the valve sleeve that were described—that
is, the initial position and the final position—any inter-
mediate position of the valve sleeve at all is possible as
a function of the variable differential pressure. In this
way, the valve characteristic curve can be adapted to
the driving situation at the moment. For better synchro-
nization of the characteristic curve, the guiding edges of
the known rotary slide member are provided with short
pockets that gradually change into long control slots.

‘The peripheral length of the pockets is larger than the

slots. |

This known oil return control system for changing
the valve characteristic curve is only suitable for steer-
ing devices with a separate valve sleeve. In steering
gears in which the valve sleeve is connected with an-
other transmission part for structural reasons, the return
control system that has been described cannot be used.
As a result of the great length of packing on their outer
circumference, such axially displaceable valve sleeves
work with hysteresis in the application of pressure.

SUMMARY OF THE INVENTION

Therefore it is the object of the invention to provide
a generally applicable return control system. Thus the
return control system is to be usable both in connection
with coupled valve sleeves and with sleeves arranged
separately. |

According to the main feature of the invention, the
return drilled holes in the rotary slide member are ar-
ranged separately, one behind the other, in the longitu-
dinal direction for any direction of rotation, so that two
rows of drilled holes lying close to each other result
along the circumference in every case. Each row of
drilled holes is assigned to a guide groove in the valve
sleeve connected with the servomotor. A piston valve is
installed for displacement in the concentric drilled hole
in the rotary slide member for changing the return cross

“section. Therefore a larger or a smaller return control

cross section is available, depending upon the position
of the position valve, so that different operating powers
are obtained at the steering wheel. Optimally synchro-
nized operating powers can also be produced at all
driving speeds by this means with a rotary slide valve
with an axially undisplaceable valve sleeve. Here the
piston valve sealing metallically in the rotary slide
member provides the advantage of a functioning with

little hysteresis. _
The piston valve member has a blind-end drilled hole

" that is open toward the concentric drilled hole in the

rotary slide member so that the return oil can flow off

unhindered. Annular grooves connected with the blind-



5,107,752

3

end drilled hole have been introduced into the outer
surfaces of the piston valve at about the spacing of the
radial return drilled holes provided in the rotary slide
member. These annular grooves can be moved to a part
of the return drilled holes so that the return 1s partially
or completely blocked. The free end of the piston valve
also serves the purpose here of controlling a number of
return drilled holes lying in a common plane of cross
section. In this way, a return cross section that 1s
changeable in a large area is obtained. Another return
drilled hole with a residual cross section that 1s not
controllable—i.e., constantly open—Ilies next to and n
the middle of two rows of drilled holes lying next to
each other. The entire return control system is inte-
grated, safe to operate and space-savingly, in the rotary
slide valve. According to another feature of the inven-
tion, the return drilled holes are surrounded by win-
dows that are produced by stamping. These windows
have different widths and circumferential lengths, with
some of the windows having a sloping outer contour.
The windows shaped in this way have the task of carry-
‘ing out the distribution of the discharge to the drilled
hole cross section still open at the moment so that the
desired characteristic curve change takes place. Fur-
thermore, the windows ensure that the pressure is re-

duced over a relatively long flow route. The rows of

drilled holes with the windows that go with them are
separated from each other hydraulically by an arm
running longitudinally. By this means, it is guaranteed
that, whatever the direction of rotation of the rows of
drilled holes, two of which always lie side by side, only

one of them always takes over the exact regulation of

pressure—i.e., that bypass streams are avoided. Further,
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it is important that the centrally located, not controlia-

ble return drilied hole and the window that goes with it
are operative in both directions -of rotation.

The piston valve advantageously has an annular at-
tachment for the application of pressure that, together
with the rotary slide member shuts off a surge or pres-
sure chamber. This pressure chamber ts connected with
a pump driven on the output side that delivers the actu-
ating pressure that depends upon the speed. A throttle is
instalied downstream from the pressure chamber so that
a differential pressure can build up in the pressure cham-
ber.

A new characteristic curve between the boundary
characteristic curves generated in the initial position
and final position of the piston valve is obtained by the
changeable return cross section system at every inter-
mediate position of the piston valve. Since the pump
makes a stream of constant volume available, the system
always has the full safety of operation of a conventional
auxiliary power steering mechanism, for the stream of
maximum volume is immediately available. |

The oil-return control principle according to the
invention can also be used advantageously on auxiliary
power steering mechanisms with two hydraulic steering
circuits separated from each other. Such two-circuit
steering mechanisms offer a great deal of safety in
heavy vehicles, which would not be steerable any
longer without auxiliary power. Two-circuit steering
mechanisms with two rotary slide valves axially one
behind the other are generally known (for example,
DE-PS 29 18 975). Each of these rotary slide valves
distributes the pressure oil delivered by two separate

pumps to separate working cylinders, so that a first and

a second steering circuit (emergency steering circuit)
are available. The two pumps can depend upon the
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engine for propulston, but it is often advantageous to
have the pump of the second steering circuit depend
upon driving speed for propulsion, so that the vehicle
can be pulled out of traffic by means of the second
steering circuit even if the engine fails. The oil-return
control system of the invention is located in the rotary
slide of the rotary slide valve belonging to the first
steering circuit, with all individual features of the cross-
section-changing process being made use of there, too,
with the assistance of the displaceable piston valve. In
contrast with the single-circuit steering mechanism
referred to initially, however, the axial adjustment of
the piston valve is not accomplished by an additional
pump depending upon driving speed, but by the pump
of the second steering circuit driven on the output side
that is already present. It is only necessary, for this

purpose, to extend the piston valve through the second

rotary slide and provide it with an annular attachment
that in turn, together with the second rotary slide, forms
a pressure chamber. The volume of oil flowing almost
unpressurized through the second rotary slide valve 1n
waiting operation now serves the purpose of controlling
the first steering circuit’s oil return. When the steering
mechanism is fully intact, the first steering circuit ap-
plies the required supplementary power alone. On the
other hand, if the first steering circuit is incapacitated,
because of a broken line, for example, the vehicle can be
gotten out of traffic with some increase in the driver’s
physical effort and without the advantages of the re-
verse control mechanism, which only works on the first
steering circuit. |

In another embodiment, an electrically-activated
flow control valve is installed in the return stream,
downstream, behind the piston valve, that produces a
dynamic pressure acting on a face of the piston valve. In
this way, it is possible to attune the valve characteristic
curve with regard to various influencing variables-use-
ful load, transverse acceleration and speed, for example.
With a relatively simple design, this arrangement has a
high degree of operational safety.

BRIEF DESCRIPTION OF THE FIGURES

Further details concerning the invention are made
clearer from a study of the following specification when
viewed in the light of the accompanying drawing, in
which: |

FIG. 1 shows a longitudinal section through a block
steering mechanism with working cylinders fitted
therein;

FIG. 2 shows an enlargement of the section of the
rotary slide valve encircled by the dash-dot line 2 in
FIG. 1;

FIG. 3 shows a sharply enlarged partial longitudinal
section of the rotary slide valve with the casing omitted;

FIG. 4 shows a longitudinal section along the line
44 in FIG. 3 with the piston valve in the initial post-
tion for minimal operating power;

FIG. 5 shows a cross section through the rotary shde
valve in neutral position along the line 5—5 1n FIG. 3;
FIG. 6 shows a partial developed view of the rotary
slide, viewed in the direction of the arrow 6 in FIG. §;

FIG. 7 shows a cross section according to FIG. §, but
in a steering position;

FIG. 8 shows a partial developed view of the rotary
slide, viewed in the direction of the arrow 8 in FIG. 7;

FIG. 9 shows a longitudinal section according to
F1G. 4, but in the final position of the piston valve for
maximal operating power;
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FIG. 10 shows a working pressure-physical effort
family of characteristics; |

FIG. 11 shows a partial longitudinal section through
a two-circuit steering mechanism according to a pre-
ferred embodiment; and

FIG. 12 shows a partial longitudinal section through
another embodiment with an electric flow control

valve.

DETAILED DESCRIPTION

FIG. 1 shows a block steering gear with a working
piston 2 fitted into a transmission casing 1. A steering
shaft 3 that carries a steering wheel (not shown) 1s con-
nected with a threaded spindle § by a torsion bar 4. As
can best be seen in FIG. 5, the steering shaft 3 includes
three axial supply guide grooves 6, 7, 8 at equal angular
distances from each other, for example, that belong to a
rotary slide member 10. Between these guide grooves 6
to 8, in each case, are two rows 9 and 9A of return
drilled holes or bores located one behind the other in
the longitudinal direction, and in FIG. 3 these are return
drilled holes 11 to 13 and 14 to 16. In the middle of these
two rows is another return drilled hole 17 with larger
diameter. The more exact shape of this arrangement of
drilled holes and its functioning will be gone into In
detail later on. | -

The rotary slide member 10 works together with
valve sleeve 20 with axial guide grooves 21, 22, 23 and
24, 25, 26 (FIG. 5) that is manufactured in one piece
with the threaded spindle 5. The rotary slide member 10
and the valve sleeve 20 are the structural elements of a
rotary slide valve that is usual in such auxiliary power
steering mechanisms. A transverse bolt 28 fixed in the
threaded spindle 5 and passed through a drilled hole 27
in the steering shaft 3 in the direction of rotation, with
play, locates a specific control path between the steer-
ing shaft 3 and the threaded spindle S (FIG. 1). Within
this control clearance, the rotary slide valve controls a
pressure in a surge or pressure chamber 30, 31 in the
working piston 2 according to the direction of rotation.
The working piston 2 engages the threaded spindle 5
through an endless bead chain 32 and remains engaged

‘with a steering-worm sector 29 located on a steering
~ worm sector shaft 34 by means of a gearing 33. Axial
bearings 35 and 36 serve the purpose of receiving the
axial forces acting upon the threaded spindie 5. A pump
P driven by a motor vehicle’s engine can be connected
with the guide grooves 21, 22, 23 and 24, 25, 26 (FIG. )
in the valve sleeve 20 by an annular groove 37 in the

valve sleeve 20 (FIG. 2) and the supply guide grooves
6, 7, 8 in the rotary slide member 10. For the sake of

simplicity, only the guiding edges 6A and 6B of the
supply guide groove 6 are shown in the drawings. The
guide grooves 21, 22, 23 are connected with the pres-
- sure chamber 31 by radial drilled holes—21A, for exam-
ple—belonging to them and the guide grooves 24, 25, 26
are connected with the pressure chamber 30 by corre-
sponding radial drilled holes—25A, for example. It can
be seen in FIG. 1 how the connection with the pressure
chamber 31 runs in the steering gear: The oil’s path
leads from the radial drilled hole 21A into annular slots
40, 41, 42 between a tube 44 and the threaded spindle S
and finally into this pressure chamber 31 by way of the

spindle screw thread. | |
A concentric drilled hole 45 in the rotary shde mem-

5,107,752
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container 48 through an outlet connection 49 in a cover
50. Every return drilled hole 11 to 17 of the system that
can be seen in FIG. 3 has a window 51 to 57 with a very
flat throttle cross-section for controlling the pressure.
These windows are of different widths and also have
different effective lengths because of their sloping outer
contour. The window 57 of the return drilled hole 17
for the unchangeable residual cross section has the

- shortest circumferential length. The return drilled holes
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ber 10 is connected with an interior space 46 1n the |

threaded spindle 5 by the drilled hole 27 of the trans-
verse bolt 28. This interior space 46 is discharged to a

11, 12, 13 and 14, 15, 16 and the windows belonging to

them are separated from each other hydraulically by an
arm 58. The system of the return drilled holes 1s re-
peated on the rotary slide member 10 a total of three
times in the chosen example of an embodiment. How-
ever, for easier understandability, the invention is only
explained in detail and provided with reference num-
bers on the basis of one drilled hole system.
According to FIG. 4, an axially movable piston valve
60 with two short annular grooves 61, 62 and one long
annular groove 63 is guided in the concentric drilled
hole 45 of the rotary slide member 10. The annular
grooves 61, 62, 63 are connected with the container 48
by a blind-end drilled hole 64 in the piston valve 60, the
concentric drilled hole 45 and the interior space 46 of
the threaded spindle 5. Furthermore, the long annular
groove 63 also is connected with the container 48 over
another return path-specifically, a radial drilled hole 65

(FIG. 2), the axial bearing 35 and through a casing

return groove 66. The annular grooves 61 and 62 al-
ways work together with the return drilled holes 12, 13
and 15, 16 according to the position of the distributing
slide valve 60. The face 69 of the piston valve 60 facing
the torsion bar 4 opens or closes the return drilled holes
11, 14. The return drilled hole 17 is no longer engaged
by the piston valve 60-—i.e., it constitutes a permanently
open residual cross section.

According to FIG: 2, the piston valve 60 at the end of
the steering shaft 3 projects into a space 68 closed by a
stopper 67. In this space 68, the piston valve 60 bears an
annular attachment 70 that, with the rotary slide mem-
ber 10, closes off a ring-shaped pressure chamber 71.
The annular attachment 70 is fastened to the piston
valve 60 by means of a pin 72. A spring 73 holds the
piston valve 60 in the initial position that is shown. A
second axial drilled hole 74 in the piston valve 60 con-
nects the space 68 with the annular groove 63 and with
the return flow, which has already been described. Thus
no pressure can be built up in this space 68. A pump 75
driven on the output side—by a transmission output
shaft, for example—is connected with the pressure -
chamber 71 by a connection 76 and an annular groove

71. A throttle 80 that produces an actuating pressure in

the pressure chamber 71 is provided in the direction of

flow behind the pressure chamber 71 and in front of an

outlet 78. -
The rotary slide valve works as follows: In FIG. 5,

the rotary slide valve is shown in its neutral posi-
tion—i.e., it is not triggering any pressure. The vehicle’s
engine is running, but the vehicle has only a little driv-
ing speed. The feed stream of the pump 75 is still not
producing sufficient pressure in the pressure chamber
71, so that the spring 73 is keeping the piston valve 60 in
the initial position shown in FIG. 2 and FIG. 4. Conse-
quently, the flow of pressure oil inside the rotary slide
valve is again shown at only one of the three guide
groove and drilled hole systems that work together.
The pressure oil conveyed into the supply guide
groove 6 by the engine-driven pump 36 can flow away
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over the guiding edges 6 A and 6 B, which are open on
both sides. The pressure oil flows through the guide

groove 24, located clockwise to the right, to the win-

dows 51, §2, 83 and §7, for example. However, since the
rotary slide member 10 still remains in its initial posi-
tion, the return drilled holes 11, 12, 13 are blocked, so
that no presssure oil flows away through the windows
51, 52, 53 belonging to them. Only the somewhat larger
return drilled hole 17, to which the pressure oil flows
through the window 57, is open. The oil flows back to
the container 48 from the return drilled hole 17 through

the drilled hole 45 and the interior space 46 (FIG. 1).

Furthermore, the oil can still flow away over the sec-
ond return path—i.e., the axial drilled hole 64 in the
piston valve 60, the annular groove 63, the radial drilled
hole 65, the axial bearing 35 and the casing return
groove 66 (F1G. 2).

The position of the control grooves 22 and 24 in
relation to the windows 51, 52, 53 and 54, 55, 56 and 57
can be seen most clearly in the neutral position in FIG.
6 that has been described.

The guide grooves 22 and 24 (dot-dash line) are cut
into all the windows. However, because of the initial
position of the piston valve 60 (FIG. 4), a return flow of
- oil takes place first only from the window 357 to the
return drilled hole 17. As soon as the vehicle increases
its speed, the differential pressure in the pressure cham-
ber 71 (output-side pump 75) rises and the piston valve
60 moves from the initial position in FIG. 4 (to the right,
in the direction of the arrow), in which the annular
grooves 61 and 62 correspond with the return drilled
holes 12, 13 and 15, 16 and in which the face 69 opens
the return drilled hole 11 or 14. The return flow takes
place now through all the windows and their more or
less open return drilled holes.

FIGS. 7 and 8 show the rotary slide valve 1n a steer-
ing position with the rotary slide member 10 rotated in
the direction of the arrow through a certain amount of
angle with respect to the valve sleeve 20. The guiding
edge 6B is wide open, so that the pressure o1l conveyed
through the supply guide groove 6 flows into the guide
groove 24 and can flow away into the pressure chamber
30 through the radial drilled hole 24A. The gradual
build-up of pressure takes place, during this process, as
a result of the feeding down of a partial stream through
the windows 51 and 52 and through the return drilled
holes 11 and/or 12 belonging to them. This 1s made
clear again in F1G. 8. The partial stream that i1s fed
down can flow away into the return drilled holes 11 and
12 from the annular groove 24 through openings at the
windows 51 and 52 that are still open. However, the
guide groove 24 is not connected with the windows 53
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and 57 any longer. Since almost the entire circumferen- .

tial length of the flat windows 51, §2 is available during
this downward feeding, the high pressure can be re-
duced over a long throttle stretch. No outflow noises
arise at the entrance into the return drilled holes 11 and
12. -
Assuming that the vehicle is moving at average
speed, the piston valve 60 is in an intermediate position
(not shown) in which it only unblocks partial cross

sections of the return drilled holes 11, 12, 13 by the face

69 and the annular grooves 61, 62. The momentary

return cross section resulting from this generates a quite

definite operational power at the steering wheel. This
operational power is so synchronized iIn accordance
with the speed that it provides the driver entirely ade-
quate supplementary power support simultaneously
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with good road contact. The pressure build-up that goes
along with this operating condition corresponds ap-
proximately to characteristic curve W in FIG. 10. The
volume of oil pushed out of the other pressure chamber
31 at the same time goes from the guide groove 22,
which far overlaps all windows 54 to 57, to the return
drilled holes 14 to 17 and can flow away unhindered to
the container 48.

If, for example, the vehicle has only a little speed
when being parked, the piston valve 60 1s in 1ts initial
position according to FIG. 4. The drilled holes 11, 12,
13 are completely blocked. When the rotary shide mem-
ber 10 rotates, the downward feeding still takes place
only through the window 57 and the return drilled hole
17. FIG. 8 already shows a position of the guide groove
24 in relation to the window 57 in which no more oil

can flow over, the pressure triggering 1s thus already

ended and extreme pressure prevails in the pressure
chamber 30. As a result of this initially sharply reduced
return cross section only by the window §7 and the
drilled hole 17, the supplementary power in the pres-
sure chamber.30 rises sharply—i.e., the rotary slide
member 10 must be rotated only through a small angle
of rotation with respect to the valve sleeve 20 to trigger
a high pressure. Therefore, the operating power at the
steering wheel also stays relatively small. When this
happens, the rotary slide valve produces an increase of
pressure, as is shown by the characteristic curve Y in
FI1G. 10. S

In another assumed operating condition, the vehicle
is operating at high speed, at which the driver performs
only rather small steering corrections. In this case, the
differential pressure in the pressure chamber 71 keeps
the piston valve 60 in its final position to the right ac-
cording to FIG. 9. The rotary slide member 10 1s only
rotated through a small angle of rotation in the direction
of the arrow in FIG. 7. When this happens, the guide
groove 24 cuts into all windows 31, 52, 33 and 357, so
that relatively large overlapped cross-sections of the
return drilled holes 11, 12, 13 and 17 come into being.
Since the entire return cross-section of the return dnlled
holes 11, 12, 13 is open as a result of the final position of
the piston valve 60, the pressure in the active pressure
chamber 30 rises only slowly because of the angle of
rotation. Therefore the operating power at the steering
wheel is higher. In regard to this, the characteristic
curve Z in FIG. 10 shows the path of the increase of
pressure. |

Any characteristic curves at all matching the current
driving condition come into being between the extreme
characteristic curves Y and Z in accordance with the
position of the piston valve 60 and the rotation position
of the rotary slide valve. In this way, variable valve
characteristic curves are obtained. The selected special
contour of the individual windows—51 to 57, for exam-
ple—for triggering the working pressure and setting the
position of the return drilled holes —11, 12, 13 and 17,
for example—in relation to the piston valve 60 1s such
that an almost infinitely variable modification of the
characteristic curve results.

FIG. 11 shows the use of the invention in a two-cir-
cuit steering mechanism. In this mechanism, the block
steering gear, as described with the help of FIGS. 1 and
2, constitutes the first steering circuit, so that this part of
the steering mechanism is not shown in the drawing any
longer. A steering shaft 81 is extended and led through
a housing 82 flanged to the transmission case 1. In addi-
tion to the rotary slide member 10, the steering shaft 81
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also carries another rotary slide member 110. The ro-
tary slide member 110 works together with a valve
sleeve 120 that engages in a recess in the threaded spin-
dle 20 for synchronization of rotation by means of a

10

cylinder or the steering mechanism, the rotary member
containing an axial bore (45) and a plurality of radial
bores (11, 12, 13, 14, 15, 16) affording fluid communica-
tion between the axial bore and a tank for the return

catch 83. The engine-driven pump 36 sucks oil out of 5 flow of hydraulic fluid from said rotary valve,

the container 48 and conveys it, while steering is being

performed, into one of the pressure chambers 30 or 31

by way of the rotary slide valve. The above-mentioned
structural parts belong to the first steering circuit. An-
other pump 176—but one that depends upon the vehi-
~ cle’s speed—sucks oil out of another container 84 and is

connected, through the second rotary slide valve 110,
120, with a separate working cylinder 85 connected
with the steering linkage. These latter structural parts
belong to the second steering circuit. In a fully opera-
tive steering mechanism, the rotary slide valve of the
second steering circuit does not trigger any pressure in
the working cylinder 85. If the first steering circuit
breaks down, because of a broken line, for example, the
driver must rotate the steering shaft 81 even harder until
the control groove system of the rotary slide valve of
the second steering circuit triggers a pressure in the
working cylinder 85. This delayed coming into action
of the second rotary slide valve can be achieved in a
known way, for example, by letting the guide channels

of the guide grooves located opposite each other be

made somewhat wider.

10
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The rotary slide member 10 belonging to the first

steering circuit has the same return drilled hole system
with corresponding windows as has already been de-
scribed in connection with FIGS. 3 to 9. However, the
essential difference consists of the fact that the piston
valve 160 run in the concentric drilled hole 45 in the
rotary slide member 10 is passed through the rotary
slide member 110 of the second steering circuit. A surge
or pressure chamber 171 in the piston valve 160 is con-
nected with a return channel 86 of the pump 176 of the
second steering circuit. For the actuating pressure in the
pressure chamber 171 that is dependent upon speed to
develop, a throttle 180 is provided. Thus the pump 176
running proportionally to the vehicle’s speed performs
the additional function of a signal transmitter dependent
upon speed for the oil-return control mechanism in the
first steering circuit.

FIG. 12 differs from FIG. 2 in that the return flow
by-passed through the concentric drilled hole 87 can be
dammed up by an electrically-activated flow control
valve 88. This flow control valve 88 receives electrical
signals from a control device that processes incoming

information on various influencing variables (for exam-
ple, useful load, transverse acceleration and speed). As

a result of the damming up of the return flow, a force of

pressure acting on the face 89 of the piston valve %

30

35

40

45

30

comes into being that moves it in the direction of the

- spring 91. The space 92 is released for return flow be-
hind the flow control valve 88.

We claim: -

1. A rotary valve for hydraulic auxiliary power steer-
ing mechanisms for motor vehicles includes an axial
fixed valve sleeve (20) integral with a threaded spindle
(5), a rotary member (10) arranged within the valve
sleeve and flexibly connected therewith via a torsion
bar (4), the valve sleeve containing a plurality of longi-
tudinal grooves (21, 22, 23, 24, 25, 26) in the inner sur-
face thereof and the rotary member containing a plural-
ity of longitudinal grooves (6, 7, 8) in the outer surface
thereof, the grooves cooperating to control the pressure
of hydraulic fluid guided therethrough for a power

335
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the improvement which comprises
(a) the radial bores being arranged in two radially
- spaced longitudinal rows, the bores of each row
being spaced longitudinally; |
(b) each row of bores corresponding to one of the
grooves in the valve sleeve; and
(c) a piston valve (60) slidably arranged within the
rotary member, the displacement of said piston
valve serving to selectively open and close the
radial bores of the rotary member, thereby to alter
the pressure of the hydraulic fluid in order to pro-
vide variable operating forces to the motor vehicle
steering wheel. |
2. Apparatus as defined in claim 1, wherein said pis-
ton valve contains
(1) an axial bore (64) in an end thereof which 1s open
toward the rotary member axial bore; and
(2) annular grooves (61, 62, 63) connected with said
" axial bore and arranged in the outer surface of said
piston valve, said grooves being spaced a distance
corresponding to the longitudinal spacing of the
rotary member radial bores, said grooves commu-
nicating with a first group of the radial bores when
said piston valve is in a first position and with a
second group of radial bores when said piston
valve is in a second position, the rotary member
further including a median bore which is always
open and which is arranged between said rows of
bores. |
3. Apparatus as defined 1n claim 1, wherein the rotary
member radial return bores each include a flat portion
(51, 52, 53, 54, 55, 56), said flat portions each having

‘different widths and circumferential lengths, at least

one of the flat portions having a sloping outer contour,
the rows of rotary member radial bores being spaced by
an arm (58) extending therebetween, and said median
bore including a flat portion (57) operative in both di-
rections of rotation.

4. Apparatus as defined in claim 3, wherein said me-
dian bore flat portion has the shortest circumferential
length. | |

5. Apparatus as defined in claim 1, wherein said pis-
ton valve includes an annular attachment (70) which
with the rotary member defines a surge chamber (71),
said surge chamber being connected with a pump (75)
and including a downstream throttle (80). |

6. A rotary valve arrangement for hydraulic auxiliary

power steering mechanisms having two independent

steering circuits including a pair of rotary valves axially
arranged in succession on a shaft of the steering mecha-
nism, each valve ancluding an axial fixed valve sleeve
integral with a threaded spindle and a rotary member
arranged therein, a pump and power cylinder con-
nected with each rotary member to define first and
second steering circuits, the first steering circuit being
driven by the engine of a motor vehicle and the second
steering circuit being driven by an output-side drive,
each rotary member containing a plurality of radial
bores communicating with a hydraulic fluid tank,
the improvement which comprises
(2) a piston valve (160) connected with the first steer-
ing circuit for controlling the return cross section
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of the rotary member radial bores of the first cir-
cuit; and

(b) an output-side driven pump (176) connected with

the second steering circuit for controlling the oper-
ation of the piston valve.

7. Appparatus as defined in claim 1, and further com-
prising an electrically activated flow control valve (88)
arranged downstream of said piston valve for produc-
ing a dynamic pressure on said piston valve to displace
the same.

8. A rotary valve arrangement for hydraulic auxiliary
power steering mechanisms having two independent
steering circuits including a pair of rotary valves axially
arranged in succession on a shaft of the steering mecha-
nism, each valve including an axial fixed valve sleeve
integral with a threaded spindle and a rotary member
arranged therein, a pump and power cylinder con-
nected with each rotary member to define first and
second steering circuits, the first steering circuit being
driven by the engine of a motor vehicle and the second
steering circuit being driven by an output-side drive,
each rotary member containing a plurality of radial
bores communicating with a hydraulic fluid tank,

the improvement which comprises

(a) a piston valve (106) connected with the first steer-

ing circuit for controlling the return cross section
of the rotary member radial bores of the first cir-
cuit, said piston valve including an extension which
passes through the second circuit rotary member,
said extension including an annular attachment
defining a surge chamber (171) with the rotary
member, and further comprising a throttle (180)
installed downstream of said chamber; and

>
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(b) an output-side driven pump (176) connected with
the second steering circuit for controlling the oper-
ation of the piston valve. |

9. A rotary valve arrangement for hydraulic auxiliary

power steering mechanisms having two independent
steering circuits including a pair of rotary valves axially
arranged in succession on a shaft of the steering mecha-
nism, each valve including an axial fixed valve sleeve
integral with a threaded spindle and a rotary member
arranged therein, a pump and power cylinder con-
nected with each rotary member to define first and
second steering circuits, the first steering circuit being
driven by the engine of a motor vehicle and the second
steering circuit being driven by an output-side drive,
each rotary member containing a plurality of radial

‘bores communicating with a hydraulic fluid tank,

the improvement which comprises

(a) a piston valve (160) connected with the first steer-
ing circuit for controlling the return cross section
of the rotary member radial bores of the first cir-
cuit;

(b) an output-side driven pump (176) connected with
the second steering circuit for controlling the oper-
ation of the piston valve;

(c) the radial bores being arranged in two radially

- spaced parallel rows, the bores of each row being
spaced longitudinally, each of the rows corre-
sponding to a guide groove contained in the valve
sleeve connected with the power cylinder of the
first circuit, the radial bores including flat portions
(51, 52, §3, 54, 55, 56) and the bores of each row
being hydraulically separated by a longitudinal
arm; and

(d) a median radial bore (17) arranged between the
rows of bores and including a flat portion (8§7)

operative in both directions of rotation.
% % ¥ ¥ *
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